A photocatalytic continuous stirred tank reactor (CSTR) was built at laboratory scale to inactivate two environmental bacteria strains (Flavobacterium and E. coli) in tap water. Several parameters were found to impact reactor efficiency. Bacterial initial concentration is an important factor in inactivation rate. After 30 minutes of irradiation at 10 8 -10 9 CFU mL 21 starting concentration, a .5 log reduction was achieved while at 10 4 -10 6 CFU mL 21 only a 2 log reduction was observed. Water hardness and pH have an important influence on the photocatalytic inactivation process. Soft water, with low Ca +2 and Mg +2 at low pH , 5.3 resulted in increased inactivation of Flavobacterium reaching .6 orders of magnitude reduction. E. coli and Flavobacterium at pH 5 were inactivated by 3 logs more as compared to pH 7 under similar conditions. pH below TiO 2 isoelectric point (approximately 5.6) supports better contact between bacteria and anatase particles resulting in superior inactivation. TiO 2 powder suspension was compared with immobilised powder in sol-gel coated glass beads in order to exclude the need for particles separation from the treated water.
INTRODUCTION
Chlorination is actually the most common practice for water disinfection. In spite of its many advantages, chlorine has a major disadvantage of organo-chlorinated compounds formation during the process (Matamoros et al. 2007) . These compounds are mutagenic and cancerogenic, especially the trihalomethanes (THMs). Therefore, the whole area of water disinfection looked upon new alternatives with similar or better efficiency in inactivating pathogenic microorganisms in potable water without DBPs (disinfection by products).
Among these methods are: ozonation, use of ClO 2 (Narkis et al. 1994) , UV irradiation at different wave lengths and intensity ranges and TiO 2 photocatalysis (Armon et al. 1998; Laot et al. 1999) . Each of these methods has its advantages but there are also drawbacks that prevent their immediate implementation as the first line disinfection method for potable water. TiO 2 photocatalysis has been the focus of many water purification studies for the last three decades (Ollis 1985) . It has a major advantage over the other methods: photocatalysis can mineralise both chemical and biological pollutants. Research is being conducted in order to make this process a commercially efficient technology for water treatment. The main goal of the present study was to doi: 10.2166/wst.2008.664 investigate the bacteriocidal efficiency of TiO 2 suspended or immobilised under UV light (360 nm) irradiation at various intensities in a continuous stirred tank reactor (CSTR).
MATERIALS AND METHODS

Photocatalytic continuous stirred tank reactor
A continuous stirred tank reactor (CSTR) cylinder 
Microorganisms tested in photocatalytic inactivation experiments
Flavobacterium sp. was an isolate from our laboratory tap water (Environmental Microbiology Lab., Technion, Israel).
E. coli CN 13 is an E. coli used for somatic bacteriophage detection that infects E. coli (from our laboratory collection) (Armon et al. 1988; Starosvetsky et al. 2001) . Both microorganisms were grown on nutrient agar at 368C for 24 hours before collection and batch preparation. Samples taken from the reactor during photocatalytic process were enumerated for both bacteria on R 2 A agar by membrane filtration, as already described (Armon et al. 1998) .
Experimental water quality
Different water compositions were used in the various experiments. Basically, distilled water was used as a primary medium at pH 6.3-7. powder form was used during the present study. Sol-gel was prepared according to already described methods (Haruvy et al. 1992; Laot et al. 1999) . Briefly, methyltrimethoxysilane (MTMS) was used as a precursor for the sol-gel process.
One hundred and twenty mL of previously prepared 508C incubator. A second coating process was performed similarly with these beads in order to increase coating efficiency.
RESULTS AND DISCUSSION
The optimal TiO 2 powder concentration for efficient photocatalysis is 1 g L 21 (Armon et al. 1998 As photocatalytic reaction is surface contact dependent, the effect of initial bacterial concentration was tested on Both parameters decrease the efficiency of the process, as can be seen in Figure 3 . The best inactivation rate was obtained with distilled water at pH 5.5. Vella & Veronda (1993) found the same phenomenon when studying TCE photocatalytic degradation in distilled and potable water.
Carbonate ions (CO 32 and HCO 32 ) are hydroxyl radicals scavangers, therefore reducing process efficiency.
Several other aspects were also tested in the present study. When comparing quartz with glass reactors, no significant different efficiency was found. Quartz has a minor advantage over glass through its better transparency Irradiation intensity was also studied with a different number of UV lamps (up to a total of 25 surrounding the reactor). Increasing the number of irradiating lamps raised the inactivation rate proportionally as already described by Laot et al. (1999) . However, the immobilised TiO 2 revealed an adequate inactivation rate of 3 logs reduction in 30 minutes.
It should be mentioned that further studies are needed to find an optimal method to enhance surface presence of anatase titanium dioxide particles on sol-gel coating.
Recently, using direct titanium dioxide sol-gel methodology at low temperature, photocatalytic activity was significantly increased without the need of ormosils (MTMS) as glue mediator (Yun et al. 2004) During the whole study, lower pH levels favoured better photocatalytic inactivation of the selected bacteria. 1. Initial low bacterial concentration will take a prolonged time interval to inactivate due to reduced contact probability.
2. Hardness reduces photocatalytic inactivation efficiency, therefore it is preferable to treat water chemically before disinfection.
3. Photocatalysis process should be performed at pH levels lower then 5.6, the isoelectric point of TiO 2 .
4. Fe þ2 ions are required for the enhanced process linked to the Fenton reaction.
5. Imobilisation of TiO 2 should be performed through the sol-gel process of TiO 2 and not using ormosils precursors due to their organic content (methyl groups).
6. Hydrophobicity/hydrophylicity properties govern the attachment/contact between microorganisms and TiO 2 nanoparticles.
